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Corresponding author: arif.mustafa@mcgill.ca 30% of total cabbage production is discarded as waste, which consists mostly of leaves [2] . As cabbage production increases, there is a concomitant increase in the quantity of residues produced. Several vegetable byproducts have been evaluated as alternative feed for layers. Feeding broccoli leaf and stem meal to layers up to 9% of the diet had no effect on feed intake, egg production, or feed efficiency [3] . Similar findings also were reported when dried carrot (8% of the diet) was fed to layers [4] . However, egg production was reduced when 10 to 15% dried tomato pulp was fed to layers (5) . The feeding value of cabbage leaf meal has been evaluated for other livestock. Inclusion of cabbage leaf meal for juvenile rainbow trout at 0, 16.0, 25.0, and 32.0% reduced feed intake, growth rate, and feed: gain ratio [6] . Incorporation of whole cabbage in pig diets at 15.0 and 30.0% reduced weight gain by 10 and 14%, respectively, and carcass weight gain by 12 and 19%, respectively [7] . Similar negative effects on feed intake and growth rate for rabbits fed cabbage diets also have been observed [8] . Data regarding the feeding value of cabbage leaf residues for poultry are unavailable, and, therefore, the objective of this study was to evaluate the inclusion of dried cabbage leaf residues on layer performance, egg yolk composition, and total tract apparent nutrient digestibility.
MATERIALS AND METHODS

Cabbage Leaf Residues and Dietary Treatments
Fresh cabbage leaf residues were obtained from a local producer in Quebec, Canada, and chopped through a 2-mm screen using a hammer mill. Chopped cabbage leaf residues were then dried in a forced-air oven at 50
• C for 48 h. The dried material (DCR) was ground through a 2-mm screen using a hammer mill and chemically analyzed for diet formulations (Table 1) . Four experimental diets were formulated to meet nutrient requirements for commercial laying hens [9] . The diets were a corn-soybean basal feed with 0, 4, 8, or 12% DCR (Table 1) . Diets were maintained isocaloric to provide 2,800 kcal/kg ME and isonitrogenous to provide 19% CP. All diets contained Cr 2 O 3 (0.3%) as an indigestible marker. Feed and water were provided ad libitum.
Birds and Housing
All animal procedures were approved by the Animal Care Committee of the Faculty of Agricultural and Environmental Sciences of McGill University. A total of 72 (34-week-old) White Leghorn laying hens were weighed and randomly assigned to the experimental diets. Birds were placed in 24 cages (3 birds/cage) and were maintained on a 16L:8D photoperiod throughout the study. Each cage was equipped with 2 nipple drinkers and adequate feeder space. The experiment was conducted over 56 days. Feed intake of each cage was determined weekly and was calculated by subtracting the residual feed from total feed intake at the beginning of each week. Egg production (egg number and egg weight) was recorded daily. Feed conversion ratio was calculated by dividing feed intake by egg production.
Egg Components
For egg component measurements, 2 eggs from each cage were randomly selected from a one-day egg collection every 2 wk (n = 48). Eggs were then broken to separate the shell, the yolk, and the albumin. Yolk and shell weight were measured directly, while albumen weight was calculated by subtracting yolk and shell weight from overall egg weight. The percentage of each component was calculated by dividing each component weight by overall egg weight.
Fatty Acid Composition
Two eggs from each cage replicates were collected at random, cracked, and then the yolks were separated from the whites.
Samples of pooled egg yolks (2 eggs/cage replicates/treatment) for each treatment were collected at wk 2, 4, 6, and 8 of the experiment (n = 48). The yolk samples were frozen at −20
• C, freeze dried, and finely ground before fatty acid analysis. Methyl esters of fatty acids were prepared from yolk, feed, and DCR samples [10] . Fatty acid analysis of egg yolk was performed staring at 4 wk to allow an adjustment period for maximal transfer of fatty acids [11] . The internal standard used was tridecanoic acid (C13:0; NuCheck Prep Inc., Elysain, MN). Fatty acid composition of methyl esters was determined by gas chromatography (Varian model 3900 equipped with a flame ionization detector at 260
• C and auto-injector) according to [12] . Fatty acids were identified by comparing their retention times with standard fatty acid esters (NuCheckPrep Inc.).
Cholesterol and Tocopherol Analysis
Yolk cholesterol analysis was determined according to [13] , while tocopherol concentrations of yolk, feed, and DCR were determined using the protocol of [14] , as modified by [15] .
Nutrient Digestibility
At the end of wk 4 and 6, excreta samples from the 6 cage replicates were collected over a 48-hour period using aluminium foil trays. Feather down and feather scales were removed. At the end of the collection period, the excreta were collected in plastic containers, immediately frozen at −80
• C and then freeze dried. Dried excreta and feed were ground and analyzed for chromic oxide [16] , dry matter (DM), organic matter (OM), and CP [17] . Neutral detergent fiber (NDF) was analyzed according to [18] using an Ankom Fiber Analyzer (Ankom Technology Corporation, Macedon, NY). The NDF was analyzed using heat-stable α-amylase and without the use of sodium sulfite and was expressed inclusive of residual ash. Gross energy (GE) of dried excreta and feed was determined using an adiabatic oxygen calorimeter (Parr Instruments Co., Moline, IL). Apparent total tract digestibility (ATTD) of DM, OM, CP, NDF, and GE digestibility was determined using equations for the Cr 2 O 3 method:
Apparent metabolizable energy (AME) was calculated using the following formula:
Apparent metabolizable energy corrected for nitrogen (AMEn) was calculated as follows:
A N correction factor of 8.73 was used according to [19] .
Statistical Analysis
Data were analyzed using the PROC MIXED procedure of [20] with the following model:
Where: Y ijk = observation, μ = overall mean, T i = fixed effect of i th treatment (i = 1, 2, 3 or 4), C ij = random effect of j th cage within i th treatment (j = 1, 2, 3, 4, 5 or 6), e ijk = residual error (k = 1 or 2), e ijk ∼ N (0, σ 2 e ). The least significant difference method was used to identify statistically different means (P < 0.05). Orthogonal contrasts were used to test for linear and quadratic effects of adding DCR to the diet.
RESULTS AND DISCUSSION
On a DM basis, DCR contained (%) 12.1 ash, 14.0 CP, and 18.9 NDF ( Table 1 ). The chemical composition of DCR is similar to cabbage leaf meal [6] but higher than whole cabbage [7] . This is likely due to the fact that DCR consisted mostly of cabbage leaves. Our results agree with [21] who reported higher CP concentration in cabbage leaves than cabbage heads and stems. Cabbage leaf residues are characterized by high polyunsaturated fatty acid (PUFA) concentrations (Table 1) . Linolenic acid was the most abundant fatty acid in DCR, followed by linoleic and palmitic acids, respectively. This is similar to fatty acid profiles reported for cabbage [22] and other cruciferous plants, such as broccoli and cauliflower [23] . Dietary concentrations of α-tocopherol and C18:3 increased as the level of DCR in the diet increased (Table 2) , reflecting the high concentration of C18:3 in DCR. Feed intake, egg production, and feed conversion ratio were not influenced by DCR inclusion and averaged 115 g/d, 96%, and 1.90, respectively (Table 3) . To our knowledge, this is the first study to evaluate the nutritive value of DCR on egg performance parameters and total tract nutrient utilization of layers. However, the feeding values of other vegetable residues for layers were evaluated by other researchers. Feeding dried broccoli stems and leaves up to 9% of the diet had no adverse effect on feed intake, egg production, or feed conversion ratio [3] . Similar findings also were reported when dried carrot (8% of the diet) was fed to layers [4] . However, egg production and egg mass were reduced by 2.7 and 4.0%, respectively, when 10% dried tomato pulp was fed, while inclusion of a higher level (15% of the diet) reduced egg production and egg mass by 3.6 and 3.0%, respectively [5] . Egg weight, yolk, and albumin % were similar among treatments (Table 3) . However, quadratic effect (P = 0.008) was observed for shell % reflecting decreased shell % for layers receiving 8% DCR. ATTD of DM (P = 0.005, quadratic effect), OM (P = 0.008, quadratic effect), and NDF (P = 0.012, quadratic effect) increased in layers receiving 8% DCR (Table 4) . Similar responses also were observed for AME (quadratic effect, P = 0.006) and AMEn (quadratic effect, P = 0.006) as a result of DCR inclusion; however ATTD of CP and GE was not influenced by treatments. The positive effect of moderate dietary fiber on total tract nutrient utilization of broilers and layers is well documented [24, 25] . In general, layers are more efficient in utilizing dietary fiber than broilers, likely due to longer relative intestinal length [26] . Furthermore, reduced feed intake for layers relative to broilers has been shown to reduce passage rate and improve digestion and fermentation [27] .
Yolk α-tocopherol concentration in egg yolk increased (P <0.001, linear effect) with increasing DCR in the diet (Table 5 ). However, egg yolk cholesterol concentration was not affected by treatments (Table 5 ). Egg yolks from layers fed fresh pasture (free range) had higher α-tocopherol concentration than those of hens maintained in cages with control diets [28, 29] . Effects of DCR inclusion on egg yolk fatty acid concentrations are shown in Table 5 . Saturated fatty acid concentrations were similar among treatments. However, oleic acid (C18:1) concentration decreased (linear effect, P = 0.002) with increasing level of dietary DCR. PUFA (linear effect, P = 0.0288) and arachidonic acid (C20:4n-6, linear effect, P = <0.001) concentrations increased as the level of DCR in the diet increased. A similar increase also was detected for linolenic acid (C18:3, quadratic effect, P = 0.025) and docosahexaenoic acid (C22:6, quadratic effect, P = 0.002) concentrations for layers fed 12% DCR. The increase in PUFA and C18:3 concentrations is likely due to the high levels of C18:3 concentration in DCR and DCR-based diets (Table 2) . Feeding layers diets rich in C18:3 such as flaxseed [30] [31] [32] or pasture [29] has been successfully used to increase the concentration of C18:3 in eggs, as well as other n-3 fatty acids.
CONCLUSIONS AND APPLICATIONS
1. Our results showed that DCR can be used as an alternative feed for layers to partially replace corn and soybean meal. Feeding DCR up to 12% of the diet did not affect egg production parameters within the experimental period. However, concentrations of PUFA and α-tocopherol concentrations in egg yolk increased by feeding DCR. 2. The recycling of DCR into layer diets may help to reduce feed costs and alleviate the environmental concerns related to the disposal of huge quantities of vegetable residues. 3. However, the economic feasibility of such an approach will depend on the price of DCR, considering that industrial drying of high-water-containing vegetable products may be economically challenging.
